Introduction: Increase in intra-abdominal pressure during pneumoperitoneum (Pp), and inflation-deflation, which cause splanchnic ischemia-reperfusion (I/R), are the reasons for oxidative stress in LS. However, not only Pp and I/R but also surgical trauma has an effect on oxidative stress. This study aims to discuss the number of trocar entry effects on oxidative stress as a surgical trauma in LS.
Introduction
Laparoscopic cholecystectomy (LC) is considered the gold standard surgical method for the treatment of gallstone disease all over the world. Traditionally, LC is performed using four-port technique. Recent developments in laparoscopic devices and the enhancement of the surgeons' experience and capability in laparoscopy, are being forcing the technique to be modificate, such as three trocar LC, natural orifice transluminal endoscopic Surgery (NOTES) or single incision laparoscopic surgery (SILS) for improve the postoperative outcomes and cosmetic results. [1] The term "oxidative stress" is briefly refers as an imbalance between formation of free radicals and antioxidant defense systems. [2] It is well known that increase in intra-abdominal pressure during the pneumoperitoneum (Pp) and inflation-deflation which may cause splanch-nic ischemia-reperfusion (I/R) are the reason of oxidative stress. [3] However, not only Pp and I/R, but also any kind of trauma, such as during surgerical procedures can cause oxidative stress. When laparoscopic surgery (LS) was compared with open procedure, it is obvious that lower oxidative stress will be observed in LS. This may be due to the following factors; minor surgical trauma and peritoneal cavity does not expose to room air as in open surgery. [2] However, we did not find any information about the effect of trocar number on oxidative stress in our literature review. The aim of this study was to discuss the effect of number of trocar entry on oxidative stress as a surgical trauma in LC.
Materials and Methods
This a prospective, and randomize study. The study protocol was approved by the Ethics Committee of the Kocaeli University, Faculty of Medicine, and conducted according to the Declaration of Helsinki, Good Clinical Practice Guidelines. All the patients who underwent elective cholecystectomy in our clinic and accepted provided they met our criteria, were considered for the study. All accepted patients gave their informed consent to be a participation in this study.
Forty patients who had symptomatic cholelithiasis with American Society of Anesthesiologists (ASA) score I, were divided into two groups according to used trocar numbers during cholecystectomy they underwent. The patients who have ASA score II or higher, systemic inflammatory disease, diabetes mellitus, autoimmune diseases, pregnancy, and patients otherwise incapable of providing informed consent were excluded. The patients ranged in age from 26-58 and 36-64 years, with a mean age of 47.5 and 51.1 years for group I and II respectively. All patients were operated on under general anesthesia with endotracheal intubation using standardized anesthetic technique. Nasogastric tube was used for gastric decompression, and immediately removed at the end of operation. Postoperatively, all patients received 1000 ml of Ringer's solution and 500 ml of 5% isotonic glucose solution. Postoperative analgesia was achieved with two doses of tenoxicam 20 mg in 24 hours. Venous blood samples were taken three times; preoperatively, postoptive 6 th and 24 th hours for study MDA and AOPP to evaluate oxidative stress. Plasma samples were separated from the cells by centrifugation at 1500 g for 10 minutes, and stored at -80 °C for the assay.
Surgery
All operations in group 1 and 2 were performed by the same two surgeon. There was no postoperative mortality in two groups. LC was performed with CO 2 pneumoperitoneum at 14 mmHg pressure with 3 trocar techniques, which was described in our previous study and 4 trocar techniques. [1] Thiopental sodium 5 mg/kg is used to induce general anesthesia and Nitrous oxide is mixed in a 3:1 ratio with oxygen for maintenance. Neuromuscular blockade was achieved with pancuronium bromide 0.05 mg/kg. Gastric decompression with a nasogastric tube was used in all patients, and removed at the end of operation.
Statistical Analysis
Statistical analysis of the data was performed using the Statistical Package for the Social Sciences (SPSS) version 20.0 (IBM, Chicago, IL, USA). The normal distribution conformity was assessed by using the student-t test and given as mean±standard deviation however Mann-Whitney U test was used for numerical variables which were not have normal distribution are given as median, and for categorical variables chi-square test was used and given as frequency (percentages). The difference between preop and postop period in groups were assessed by using paired samples t-test for normal distribution, on the other hand for numerical variables which were not have normal distribution Wilcoxon rank sum test was used.
Results
The characteristics of the entire study cohort are shown in Table 1 . There was no statistically significant difference in terms of age and gander between two comparing groups. However the mean operative times were 25.9 and 38.1 minutes for the group 1 and 2 respectively, and the difference was statistically significate (p=0.001). There were no complications such as significant hemorrhage or postoperative hemodynamic instability in two groups. The MDA, and AOPP levels of groups at preoperative, postoperative (PO), 6 th , and 24 th hour are given in Table 2 . There was no statistically significant difference in these parameters, however statistically significant difference was found in MDA levels at preoperative and PO 6 th hour (p=0.011) and duration of operation (p=0.001) between two groups.
Discussion
Nowadays, LS is widely used, and with the increasing experience in various surgical procedures, more difficult and lengthy abdominal operations have begun to be performed laparoscopically even in elderly patients. It is known that laparoscopy cause oxidative stress response. [4] [5] [6] The term "oxidative stress" is briefly refers as an imbalance between formation of free radicals and antioxidant defense systems. [2] In LS, oxidative stress formation was attributed to inflation-deflation related to splanchnic ischemia-reperfusion, hemodynamic changes, and CO 2 pneumoperitoneum. [2, 7, 8] We know that surgical trauma produced complex physiological stress response, that activates inflammatory, endocrine, metabolic, and immunological mediators, and increased free radical formation as a result of ischemiareperfusion, leukocyte activation, and mitochondrial dysfunction. [3, 9] Free radicals are highly active molecules that have important biological functions. [3, 7, 10] If the production of free radicals exceed the detoxification capacity, they may react with and damage DNA, lipids and proteins. [10] MDA is a indicators of oxidative stress. It is a low molecular weight aldehyde that caused by the breakdown of lipid peroxyl radicals and also by oxidizing protein molecules causes more oxidative damage. [4, 11] Other indicator of oxidative stress is Carbonyl content of protein that oxidate specific amino acid residues. [12] AOPP is thought to activate mononuclear phagocytes and act like a cytokine-like mediator between neutrophils and monocytes. AOPP consists of albumin aggregates containing disulfide bridges and / or tyrosine cross-links. The AOPP-albumin structure dif-fers from pure albumin or control plasma albumin. This structure was shown using chromatographic and electrophoretic techniques. Therefore, the last cross-link product of albumin is defined as AOPP. [13] The oxidative modification products of proteins are more stable than lipids, so they become better indicators of oxidative stress, therefore AOPP is a good oxidative stress marker. [11] So we used MDA and AOPP for oxidative stress indicator.
We was previously shown that three-port LC is a safe, convenient, and more economical technique than four-ports LC, and could be performed by experienced surgeons unless it compromises the progression of the surgery. [1] In addition, the three-port technique caused less pain than the four-port technique, so less analgesics are required for pain control and reduce costs by reducing the hospital stay. [14] It also leads to better cosmetic results. [1] Therefore, in this study, we aimed to compare the oxidant effect of four and three-ports using MDA and AOPP.
Harsha et al. [14] showed that mean operative time for threeport LC was shorter. In our study, there was a statistically significant difference between the two groups in terms of operation time (p=0.001). In our previous study the mean operation time was given as 33.76 min (15-90 min). [1] The same surgeon was performed the three-port operation in both of study and the mean operation time was so closed.
Surgical trauma, bowel manipulation and mesentery traction are usually less in laparoscopic procedures due to large area created by the pneumoperitoneum and enlarged appearance obtained by laparoscopy. Therefore, minor trauma and intestinal handling minimized the inflammatory response in the gut that caused less systemic inflammation, and preserved immune function results in lower oxidative stress in laparoscopic procedures. [15] [16] [17] However, we could not find any data in the literature about oxidative stress related to trauma caused by trocar. In our study, there was a statistically significant difference between pre- postoperative hour compared to preoperative measurements. This is due to free radicals which were produced immediately after reperfusion and MDA plasma levels decreased on the 1st postoperative day in the LC. [18] In conclusion, since both groups showed similar oxidative response, we can say that LC can be performed safely with three or four trocar. Surgeons often avoid complications (trocar site hernia, bleeding, etc.) that may result from an additional trocar entry during the operation. These complications can be prevented by suturing the trocar site or performing the operation with less trocar. However, since surgical trauma caused by trocar entry does not alter the oxidative stress response, the surgeon can safely use one more trocar when necessary but it should be kept in mind that patients with limited cardiac, renal and/or pulmonary functions may respond differently to CO 2 -induced pneumoperitoneum, so different pneumoperitoneum techniques such as different types of gas or warm and humidified environment may be an alternative for these patients. [19, 20] 
